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The number needed to treat: a clinically useful measure oftreatment
effect

Richard J Cook, David L Sackett

The relative benefit of an active treatment over a
control is usually expressed as the relative risk, the
relative risk reduction, or the odds ratio. These
measures are used extensively in both clinical and
epidemiological investigations. For clinical decision
making, however, it is more meaningfil to use the
measure "number needed to treat." This measure is
calculated on the inverse of the absolute risk reduc-
tion. It has the advantage that it conveys both
statistical and clinical significance to the doctor.
Furthermore, it can be used to extrapolate published
findings to a patient at an arbitrary specified baseline
risk when the relative risk reduction associated with
treatment is constant for all levels ofrisk.

More emphasis is now being put on effective use of
biomedical literature to guide clinical treatment. As a
result accessing, critically appraising, and incorpor-
ating the results of clinical investigations into clinical
practice are becoming higher priorities for doctors and
medical students.'
A pivotal step in translating clinical research into

practice is the summarisation of data from randomised
trials in terms of measures of effect that can be readily
appreciated by doctors and other carers. Various
measures of the effect of treatment are used in analys-
ing results. Each measure has its own interpretation
and statistical properties that make it suitable for some
applications but perhaps not for others. We describe
here a new measure referred to as number needed to
treat2 and a simple method of adopting this approach to
individual patients at different levels of risk.

Measures oftreatment effect
Consider a parallel group study in which patients are

randomised to either an active treatment or a placebo
control arm, are followed for a fixed amount of time,
and are observed to experience a binary response to
treatment (event/no event). We assume here that the
events are adverse, and the objective is therefore to
prevent them.
The effect of treatment is usually measured by

comparing the probabilities of events in the two groups
of patients. Point estimates of these measures are
obtained by substituting the observed rate of events for
the probabilities. For example, the absolute risk
reduction is the difference in the probabilities of an
event in the control and treatment groups and is
estimated as the corresponding difference in the event
rates. If the event rate in the treatment group is less
than that in the control group this suggests a potential
benefit from the active treatment. Similarly, if the
event rate is greater in the treatment group than the
control group (negative absolute risk reduction) the
active treatment may be harmful. Before recommen-
dations can be made regarding the treatment more
formal analyses of the treatment effect are needed to
quantify the strength of evidence: this is done by tests
of significance or confidence intervals.
Another approach to summarising effects of treat-

ment is based on the relative risk. Relative risk is
defined as the probability of an event in the active
treatment group divided by the probability of an event
in the control group. The relative risk can be con-
veniently estimated as the ratio of the corresponding
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event rates, with beneficial treatments giving relative
risks below one. A related measure, called the relative
risk reduction, is derived simply by subtracting the
relative risk from one. On this scale a relative risk
reduction of zero indicates no benefit or harm asso-
ciated with the active treatment, whereas a relative risk
reduction of one could indicate a "cure." The relative
risk reduction can also be expressed as the absolute risk
reduction divided by the probability of an event in the
control arm and hence can be thought of as a standard-
ised measure ofthe absolute risk reduction.
Another measure often used to summarise effects of

treatment is the odds ratio. This is defined as the odds
of an event in the active treatment group divided by the
odds of an event in the control group. Though this
measure has several statistical advantages and is used
extensively in epidemiology, we will not pursue it here
as it is not helpful in clinical decision making.
For some treatments and conditions the benefit of a

specific treatment, as measured by the relative risk or
the relative risk reduction, remains roughly constant
over patient populations at varying baseline risk. In
these cases relative measures appear attractive since a
single estimate of treatment effect can be provided for
a broad class of patients. On the other hand, it is often
clinically important to consider the baseline (control)
risk of an event before recommending treatment since
for a given relative risk reduction, the expected
absolute benefit of treatment could vary considerably
as the baseline risk changes. For example, an estimated
relative risk reduction of 50% might be statistically
significant and clinically important for patients at
moderate to high risk of a particular adverse event.
However, for patients with a low probability of an
event the risk reduction might not be sufficient to
warrant the toxicity and cost of active treatment. This
is the main criticism of relative measures of treatment
effect for the purposes of clinical decision making.

Number needed to treat
Laupacis et al introduced an alternative approach to

summarising the effect of treatment in terms of the
number of patients a clinician needs to treat with a
particular therapy to expect to prevent one adverse
event.2 The "number needed to treat" can be expressed
as the reciprocal of the absolute risk reduction. In
addition, a 95% confidence interval for the number
needed to treat can be constructed simply by inverting
and exchanging the limits of a 95% confidence interval
for the absolute risk reduction. Though mathema-
tically related to risk differences, the number needed to
treat formulation is becoming widely used as a tool for
therapeutic decision making3 and bedside teaching4 as
it facilitates interpretation in terms of patients treated
rather than the arguably less intuitive probabilities.
We use data from a recently published overview on

the benefit of antihypertensive therapy for mildly and
moderately hypertensive patients5 to show the advan-
tages (table). We divided studies in the overview into
two groups: those in which all patients had a diastolic
blood pressure of less than 110 mm Hg at entry and
those in which all patients had a diastolic blood
pressure of less than 115 mm Hg at entry. The two

groups of studies were mutually exclusive, although
the second group of studies includes patients with
diastolic blood pressure of less than 110 mm Hg. The
table shows that for patients with moderate hyperten-
sion receiving placebo treatments about 20% would be
expected to have a stroke over the next five years; this
risk is reduced to 12% with antihypertensive drugs,
generating an estimate of the absolute risk reduction of
0-20-0'12=0'08. The reciprocal of this number is
about 13, implying that a doctor would need to treat
about 13 moderately hypertensive patients for five
years before he or she could expect to prevent one
stroke.
The attractive feature of the number needed to treat

analysis over methods based on measures of relative
efficacy is seen if we compare moderately and mildly
hypertensive patients. For both risk groups the relative
risk reduction is 40%, suggesting that both groups
should be treated with equal vigour. However, the
estimate of the number needed to treat to prevent one
stroke is 13 for moderately hypertensive patients and
167 for mildly hypertensive patients. The clinical
recommendation is therefore likely to be different for
these two groups.

Extrapolating to patients at different baseline risks
The numbers needed to treat method still presents a

problem when applying the results of a published
randomised trial in patients at one baseline risk to a
particular patient at a different risk. For example, in
the hypertension example suppose a particular patient
had only half the baseline risk of stroke of the
moderately hypertensive patients in the overview.
Such a judgment is typically made by comparing the
patient's clinical history with the characteristics of the
study patients, as indicated by baseline variables and
inclusion or exclusion criteria.

Until now, the published relative risk reduction has
been applied to the individual patient's baseline risk.
This assumes a constant relative risk reduction for
varying baseline risks, as is the case in our example.
The estimated relative risk reduction of 40% from the
trial would be applied to the patient's hypothesised
baseline risk of 0.10 (0 2x0 5), generating an esti-
mated absolute risk reduction of 0 04. This number
would then be inverted, resulting in a number needed
to treat of 25. The process becomes even more
laborious when it is necessary to calculate the 95%
confidence interval around the relative risk reduction.
This requires two additional calculations based on the
confidence limits for the relative risk reduction.
When we used the number needed to treat method in

decision making during ward rounds we found trans-
lating the results of published trials to individual
patients at potentially different baseline risks was time
consuming and that the results were sometimes incor-
rect. We therefore looked for a simpler method.
The process can be greatly simplified by comparing

the baseline risk of an individual patient with that of
the typical patient in the published trial. If the baseline
risk of the individual patient is a factor f times the
baseline risk of a typical study patient and the relative
risk stays constant, the absolute risk reduction for the

Cakulation of risk reduction and numbers needed to be treatedfor patients with hypertension (based on results ofCollins et al)

Stroke in 5 years
Relative Absolute Number

Control Active risk reduction risk reduction needed to treat
Hypertension group treatment group (PC-PA)/Pc l/(PC-PA)

Moderate (diastolic - 115 mm Hg)
Event rate (P) 0-20 0-12 0 40 0-08 13
Total No ofpatients 16 778 16 898

Mild (diastolic G 110 mm Hg):
Eventrate (1P 0-015 0 009 0 40 0-006 167
Total No ofpatients 15 165 15 238
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patient is scaled according to the same factor f. The
estimated number needed to treat corresponding to
patients at the revised baseline risk is therefore simply
the study number needed to treat divided by f. Thus,
in our example if a patient was judged to be at only
half the baseline risk of the moderately hypertensive
patients in the published trial f=0 5 and the corre-
sponding number needed to treat is 12-5/0-5 or 25.
Confidence intervals can be easily obtained by dividing
the limits of the corresponding interval from the
original study by the factor f. In the trial the 95%
confidence interval for the absolute risk reduction in
moderately hypertensive patients was (11-4 to 13-9).
The corresponding interval for a patient at half the
baseline risk is therefore (11-4/0-5 to 13-9/0-5)=(22-8
to 27 7).

This simplification of translating the results of
published trials to individual patients allows easy and
rapid consideration of questions such as "what if the
patient's risk was a third or a quarter that of patients in
the published trial?" The ability to perform these
sensitivity analyses is important since the baseline risk
is partly based on subjective clinical judgment.

In our example the assumption of a constant risk
reduction is satisfied exactly. If we consider the
baseline risk of mildly hypertensive patients as
0-015/0-200=0-075 times that of the moderately
hypertensive patients, we obtain a number needed to
treat of l/(0 08x0 075)= 167, the same value derived
from the raw data. Though this is an extreme example
the general approach has proved useful in a wide
variety of clinical scenarios when a quick "adjusted
number needed to treat" is required and departures
from the assumption of constant relative risk reduc-
tions are expected to be minimal.
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Events per person year-a dubious concept

Jurgen Windeler, Stefan Lange

In 1982 a new measure was introduced in research
into osteoporosis and is now used everywhere in
the literature. The so called "fracture rate" relates
the number of fractures (single in some patients,
multiple in others) to the cumulative time of obser-
vation of all patients. This concept, however, has no
sound basis. Counting events instead of patients
usually violates basic statistical assumptions and
invalidates the use of common statistical tests
and estimators. Its clinical interpretation is rather
dubious. The use of such a measure impedes the
search for valid and clinically meaningfil outcome
criteria and should be abandoned.

The concepts of design and analysis of randomised
clinical trials seem to be well known to most researchers
in clinical medicine. Randomisation, double blinding,
definition of a primary end point, and prior calculation
of power and sample size are widely accepted criteria
for the quality of a clinical trial. There are additional
problems, however, one of them being the handling
of drop outs and missing information about them.
Despite the favoured concept of intention to treat' 2
these problems have not gained adequate attention
or-what is worse-have produced inadequate and
invalid solutions.
We came to know one "solution" when we reviewed

several trials concerning the treatment of osteo-
porosis,3-10 but there are other topics of research in
which a similar procedure can be observed. "I 12

The problem
Suppose that a clinical trial is performed to compare

a new drug versus placebo with some binary end point.
This may be death, myocardial infarction, recurrence
of cancer, or any other criterion of success or failure. In
the case of osteoporosis this is the occurrence of new
(vertebral) fractures. We will assume a three year
treatment and observation period with the primary end
point of the trial being the proportion of patients
with new fractures after three years. We know from
experience that a small or considerable number of

patients will not complete the study. Reasons will not
be discussed in this context. With those patients who
reached the end point event before "dropping out" no
problems arise. But how do we deal with patients who
leave the study after one or two years without having
reached an end point event?

The "solution"
The information about these patients that can be

used is the actual time under observation and the
occurrence of an event in this time period. The
observation time of each particular patient (to the time
of an event if an event occurred) is expressed in a
suitable unit (days, months, years). The sum of these
observation times forms the denominator of some kind
of event rate. The number of patients with an event is
the numerator of the event rate. This approach is
known as the subject years or person years method.'3 It
is widely used in epidemiology especially in the
analysis of mortality or incidence of cancer. Note that
such settings have in common that a certain event
(death) occurs only once in each patient.
Therapeutic research in osteoporosis goes further

than this. If a fracture, which is usually defined as a
certain relative decrease in vertebral height identified
by roentgenograms, occurs in more than one vertebra
this will be counted as two or more fractures. And if in
a patient a fracture is observed after the first year and
an additional decrease in height of the same relative
amount in the same vertebra is observed after the third
year then this again is counted as two fractures. Hence,
while the denominator of the rate remains the same the
numerator actually does not express a number of
patients but a number of events scattered in some way
over the study patients. The resulting term is generally
referred to as the "fracture rate. "
The origin of this procedure is quite easy to discover.

Several authors speak of it as "the method of Riggs"
and refer to a publication of 1982.'4 In fact, it can be
seen from the "statistical analysis" section of this paper
that Riggs and colleagues just invented this calculation
by stating that "we assumed that the numbers of
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